The effect of irradiation doses (0, 125, 250 and 500 Gy) on the nutritional quality of A. bisporus mushrooms (strains ABI-07/06, ABI-05/03 and PB-1) cultivated in composts based on oat straw (Avena sativa) and brachiaria (Brachiaria sp.) was evaluated. The experimental design was 4 x 3 x 2 factorial scheme (irradiation doses x strains x composts), with 24 treatments, consisting of two repetitions each, totaling 48 experimental units (samples of mushrooms). The samples were irradiated in Cobalt-60 irradiator, model Gammacell 220 kGy, with dose rate of 0.740 kGy h -1 , according to the treatments proposed. Subsequently, the control (unirradiated) and the other treatments were maintained at 4±1°C and 90% RH in a climatic chamber for carrying out the chemical analysis of the mushrooms on the 1 st and 14 th day of storage. It was found that all A. bisporus strains evaluated were food with excellent nutritional value, because they presented high protein and fiber contents and low ethereal extract content; the chemical characterization of the mushrooms was influenced by the compost type in which they were cultivated; gamma irradiation influenced the chemical composition of mushrooms.
INTRODUCTION
Edible fungi are food with high nutritional values (Bononi et al. 1995) . However, their shelf life, as well as their nutritional value, vary according to the species, strain, processing after harvest, development stage of the mushroom, part of the mushroom (cap or stem) and the type of cultivation substrate used (Andrade et al. 2008 , Minhoni et al. 2005 .
Despite its importance and use in human feeding, little is known in Brazil about the quality of edible mushrooms. Trays with fresh mushrooms containing questionable nutritional information are usually found in the market, since the sources consulted are not always cited (Andrade et al. 2008) . Information regarding the food composition, such as protein, fat and fiber contents, has become very important for food and health professionals. The consumer also seems to be in search of natural Two types of composts based on brachiaria (Brachiaria sp.) straw and oat (Avena sativa) straw were formulated, with an initial C/N ratio of approximately 25/1, for the cultivation of A. bisporus strains. All phases of composting, growing and harvesting followed the procedures used by Andrade et al. (2008) .
POST-HARVEST
The mushrooms collected from all culture conditions proposed, were stored in plastic bags containing 200g. The transportation of the samples to the Center for Nuclear Energy in Agriculture (CENA), University of São Paulo (USP), was performed in isothermal boxes, which were irradiated with 125, 250 and 500 Gy in a Cobalt-60 irradiator, model Gammacell 220, with dose rate of 0.740 kGy h -1 .
sources of vitamins and shown interest in good quality products (Furlani 2004) . Preservative solutions associated to cooling have already been successfully tested for the conservation of A. bisporus. Citric acid and the hydrogen peroxide (as acidifying agent and a preservative in low concentrations), calcium hypochlorite and calcium chloride, sorbitol, sodium erisorbate cysteine and glucan-delta-lactone have already been used to treat fresh mushrooms with satisfactory results (Brennan et al. 2000 , Kuyper et al. 1993 ). However, it is known that these solutions break down the original taste of fresh mushrooms and that mushrooms are subjected to changes, including their nutritive value.
To maintain the physical and chemical characteristics of fresh A. bisporus mushroom, gamma irradiation has been used in many countries. However, this technique has seldom been used in Brazil for edible mushrooms. Among the most recent researches conducted in Brazil, Moda (2008) evaluated the shelf life of fresh Pleurotus sajor-caju irradiated with 125, 250, 500 and 750 Gy and found that the dose of 750 Gy was optimal. However, there are no scientific reports in Brazil about the use of gamma irradiation for A. bisporus.
Thus, the object of the present study was to evaluate the effect of gamma irradiation on the nutritional quality of Agaricus bisporus mushrooms produced in different composts.
MATERIALS AND METHODS
The mushroom production was carried out at the Mushroom Module facilities, Department of Plant Production, School of Agricultural Sciences (FCA/ UNESP), Botucatu, São Paulo, Brazil.
EXPERIMENTAL DESIGN AND TREATMENTS
The experimental design was a 4 x 3 x 2 factorial scheme (irradiation doses x strains x composts), with 24 treatments, each consisting of two repetitions, totaling 48 experimental units (samples EFFECT OF GAMMA IRRADIATION ON THE Agaricus bisporus
The control (unirradiated) and the other treatments were kept at 4±1°C and 90% in a climatic chamber to carry out the physical-chemical analyses on the 1 st and 14 th day of storage.
VARIABLES ANALYZED
Crude protein, ethereal extract, crude fiber and ash contents of the mushrooms obtained from the proposed treatments were evaluated. The Weende method, described by Silva and Queiroz (2002) , was used for analyses.
The evaluations were made in two periods (1 st and 14 th day of storage), with 48 samples in each period, totaling 96 samples at the end of the experiment.
RESULTS AND DISCUSSION
The F values of ash, crude fiber, ethereal extract and crude protein contents of A. bisporus mushrooms on the 1 st day of storage are shown in Table I .
In the compost based on oat straw, on the 1 st day of storage, the ABI-05/03 strain had the highest ash average (16.6%) and the compost based on brachiaria, ABI-07/06 and ABI-05/03 strains had the highest ash averages (16.6 and 16%, respectively) ( Figure 1 ). These values are higher than those obtained by Chang and Miles (1989) and Furlani and Godoy (2007) , who obtained an average of 12% of ash for A. bisporus. By comparing the ash content of A. bisporus strains when cultivated in the different composts (Figure 1) , it was found that ABI-07/06 was the only strain to present statistically different averages. It obtained higher average when cultivated in the compost based on brachiaria (16.6%) than when cultivated in the compost based on oat (14.9%). The results were better than the ones obtained by Furlani and Godoy (2007) (12%) and the interval mentioned by Chang and Miles (1989) (7.7 -12%).
In relation to the ash content in each dose of irradiation (Figure 2) , it was found that the PB-1 strain had the lowest ash content, when compared to the others (Figure 2 ). However, there was no influence of irradiation dose in the averages for that strain. Moda (2008) , evaluating the increase of shelf-life of fresh Pleurotus sajor-caju mushroom with application of gamma irradiation, also found that the irradiation with different doses (0, 125, 250, 500 and 750 Gy) did not change the ash content among the treatments.
The crude fiber content of ABI-05/03 and ABI-07/06 strains were higher than those of PB-1 (Figure 3 mushroom Agaricus blazei and concluded that there are nutritional differences between the two A. blazei strains tested, in which strain AbM was richer in fibers and minerals, while Jun-17 strain showed a higher carbohydrate content.
Regarding the effect of irradiation, it was found that the highest dose tested (500 Gy) provided the highest average of crude fiber for A. bisporus on the 1 st day of storage (Figure 4) . Different results were obtained by Moda (2008) with P. sajor-caju, whose average crude fiber was not influenced by the irradiation dose on the 1 st day of storage.
The ethereal extract content of A. bisporus was considered low (1.7 and 1.5% respectively) when grown on both composts (brachiaria and oat), even though they are different from each other ( Figure 5 ), which is a desirable result in the formation of the mushrooms. Similar results of 1.8 and 1.9%, respectively, were also found by Chang and Miles (1989) and Cheung (1996) . However, those data were different from the 5.4% obtained by Furlani and Godoy (2007) . This difference in the results between authors was possibly due to the origin of the mushrooms, regarding the type of the EFFECT OF GAMMA IRRADIATION ON THE Agaricus bisporus strain cultivated and compost used, as reported by Andrade et al. (2008) .
In relation to the crude protein content, the compost based on brachiaria obtained the highest averages (Figure 6 ). PB-1 had the highest average of crude protein (28.9%) (Figure 7) There was effect of irradiation on the crude protein content of the mushrooms (Figure 8) , and the dose of 500 Gy provided the highest average (27.5%), when compared to those of the control group (26.1%). Different results were obtained by Moda (2008) , who found that irradiation did not affect the crude protein content of Pleurotus sajor-caju.
The F values of ash, crude fiber, ethereal extract and crude protein contents of A. bisporus mushrooms on the 14 th day of storage are shown in Table II . ABI-07/06 and ABI-05/03 strains had higher averages of crude fiber than PB-1 on the 14 th day of storage (Figure 9) , similar to what occurred on 1 st day of storage (Figure 3) . Similar results were also reported by Andrade et al. (2008) , who reported that crude protein, ash, and crude fiber contents in the mushroom varied with A. bisporus strain and the type of straw used in the compost formulation, when analyzing the cultivation of four A. bisporus strains in three formulations. Averages followed by same letters are not statistically different from each other (Tukey, 5%).
It was found that there was no significant difference in the averages of ethereal extract content on the 14 th day of storage for most of the experimental conditions for mushrooms cultivated in both oat and braquiaria composts, submitted or not to the irradiation doses ( Figures 10, 11 and 12 ). The averages of ethereal extract ranged from 0.95 to 2.45%, lower values than those found by Furlani and Godoy (2007) , who obtained average values of 5%, and similar to those obtained by Cheung (1996) , who averaged 1.9%, and Andrade et al. (2008), who obtained averages ranging from 1.9 to 2.9%. Finally, in relation to the protein content on the 14 th day of storage, it was found that the PB-1 strain provided the highest average (29.3%) (Figure 13 ), which also occurred on the 1 st day of storage (Figure 7) .
TABLE II
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CONCLUSIONS
All the A. bisporus strains evaluated (ABI-07/06, ABI-05/03 and PB-1) are food with excellent nutritional value due to their chemical composition, because they have high protein and fiber and low ethereal extract contents. Among the strains analyzed, ABI-07/06 and ABI-05/03 had the highest content of crude fiber and PB-1 showed the highest averages of crude protein.
The chemical characterization of the mushrooms was influenced by the type of compost where they were cultivated, especially the compost based on brachiaria, which provided mushrooms with the highest averages of crude protein and ethereal extract on the 1 st day of storage.
Gamma irradiation influenced the chemical composition of the mushrooms, especially the dose of 500 Gy, which provided to highest averages of crude protein and fiber in the mushrooms on the 1 st day of storage. 
